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(57) ABSTRACT 

A virtual C-ann support system 40 is used in a radiographic 
imaging apparatus of the type including an x-ray source 44 
and an x-ray detector 48. llie support system indudes a first 
positioning system 42 operatively connected to the x-ray 
soiuce for selectively positioning the x-ray source in a range 
of first orientations 120, 140, 170 relative to the examination 
region E. A second positioning ^stem 46 is operatively 
connected to the x^ay detector 48 for selectively positioning 
the x-ray detector in a range of second orientations 122, 142, 
172 relative to the examination region E. A control imit 60 
£5 in operative command of at least one of the first and 
second positioning systems to maintain a predetermined 
spatial relationship between the x-ray source and the detec- 
tor for each of the ranges of the first and second orientations 
relative to the examination region. In a second embodiment, 
the control unit is in operative command of only the first 
positioning system, the second positioning system being 
manually movable. The control unit maintains a predeter- 
mined spatial relationship between the x-ray source and 
detector by moving the x-ray source in response to manual 
movement of the x-ray detector for each of the ranges of first 
and second orientations of the source and detector relative to 
the examination region. 

24 Claims, 7 Drawing Sheets 
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VIRTUAL C-ARM ROBOTIC POSITIONING collected. Compound anterior oblique, cranial, and caudal 

SYSTEM FOR USE IN RADIOGRAPHIC views can be collected by moving the mechanical C-arm 

IMAGING EQUIPMENT system C carriage support and bearing mount into the 

appropriate respective orientations. 
BACKGROUND OF THE INVENTION 5 Due to the mass of the x-ray mbe and the weight of the 

The present invention is directed to the ait of radiographic detector carried on opposite ends of the C-arms, the curved 

medical imaging and, more particularly, to a robotic support support assembly is designed to provide adequate support 

system for positioning an x-ray source and receptor pair and rigidity and, therefore, is large and bulky. Similarly, the 

relative to an examination region to generate and transmit an C-arm assembly C is necessarily large in order to enable 

x-ray beam through the examination region. The invention head to toe imaging capabilities of a patient disposed 

finds particular application in conjunction with imaging or between the x-ray source and detector, 

interventional procedures that have heretofore been per- During most interventional procedures, the C-arm and 

formed in association with C-arm or L/U-arm fluoroscopic curved support carriage A ob^ruct access to the patient 

x-ray systems and will be described with particular reference because of their size. The a\idcwardness of the mechanical 

thereto. It is to be appreciated, however, that the invention support system can cause confusion in the operating room 

is also applicable to a wide range of other medical or when the surgical procedure requires gross movements of 

industrial imaging apparatus that operate through the use of the components such as, for example, when it is necessary 

spaced apart radiographic energy source and receptor pairs to first image the head area, followed by an image of the foot 

to monitor or image a region of a patient or other item area of the patient. Using the at)Ove mechanical system it is 

disposed between the source and receptor pair. also awkward and inconvenient to rotate the C-arm C from 

In some operating rooms, such as operating rooms for the vertical orientation shown in FIG. 1 to either the left or 

vascular catheter procedures, a projection x-ray imaging right anterior oblique views. 

device is provided in association with an operating table. It is therefore desirable to provide a virtual C-arm support 

More ^ecifically, an x-ray tube or generator and an x-ray system that has all of the functionality of the prior C-arm 
detector are mounted on a C-arm which is positioned such ^ system described above, itKluding the carriage and orbit 

that a patient or an area of interest lies between the x-ray motions, but without the bulky and inconvenient overhead 

source and receptor. The x-ray source and receptor arc rotational support assembly or the C-arm member rotatably 

rotatable and longitudinally displaceablc as a unit to select attached to the support assembly. 

a region and angle for projection imaging. Once the surgeon ^ jhe present invention provides a new and improved 

has positioned the x-ray source and detector in the proper method and apparatus which overcomes the above refer- 

position, the surgeon actuates the x-ray tube sending x-rays enced problems in the prior art and others by eliminating the 

through the patient and onto the x-ray detector for a prese- inconvenient overiiead support arm and C-shaped structures 

lected exposure time. The x-rays received by the detector are found in the prior art systems, 
converted into electric video image data signals representing 

a projection or shadow-graphic image. The projection or SUMMARY OF THE INVENTION 
shadow-graphic image is stored electronically or displayed accoidance with the present invention, a robotic sup- 
on a video monitor which is viewable by the physician. system is provided for use in a radiographic imaging 

One such prior art imaging system is shown in FIG. 1. As apparatus of the type including an x-ray source adapted to 
fllustrated, a C-ann C is supported by a curved support ^ transmit an x-ray beam along a path through an examination 

carriage A adjacent an examination region E. The examina- region and an x-ray detector adapted to receive the x-ray 

tion region E is describable by orthogonal axes X, Y, and Z. beam and generate electric signals indicative of an intensity 

An x-ray transparent couch 10 is positioned such that a of the received x-ray beam. The robotic support system 

region of interest of a subject l3diig upon the couch is includes a first positioning system connected to the x-ray 

positioned in the examination region E. source for selectively positioning the x-ray source in a range 

The rotational support assembly A includes a rotational of first orientations relative to the examination region. A 

mount or bearing 14 mounted to a fixture for rotation about second positioning system is included and is connected to 

a horizontal axis X. The rotational mount 14 can be movably the x-ray detector for selectively positioning the x-ray 

fixed to a track or other mechanism 18 to also aUow detector in a range of second orientations relative to the 
movement of the mount in the Y and Z directions. 50 examination region. The first and second positioning sys- 

The midpoint 22 of the C-ann C is rotatably attached to tcms are independently operable and are connected to a 

the bearing 14. The C-arm C defines two opposing parallel control unit for coordinating their relative movements and 

ends 24, 26 on cither side of the examination region E A positions. The control unit is in operative command of at 

detector 28, such as a flat panel detector or the like for least one of the first and second positioning systems to 
detecting x-ray radiation, is attached to the first end 24. 55 maintain a predetermined spatial relationship between the 

Common detectors include solid state devices, such as a grid x-ray source and the x-ray detector for each of the ranges of 

pf amorphous silicon detector elements for generating x-ray first and second orientations of the source and receptor 

intensity signals for each element on the grid. An x-ray relative to the examination region, 

source 30 is attached on the second end 26 of the C-arm. The In accordance with a more limited aspect of the invention, 
C-arm C has su£Scient size and btilk to maintain the detector 50 the robotic support system provides a virtual C-arm support 

28 and the x-ray source 30 within a fairly repeatable fixed system having all of the capabilities of the prior art mechani- 

spatial relationship. cal C-arm imaging devices but without the bulky mechanical 

In the system shown, the curved support carriage A is joints and arms, 

adapted to permit rotational movement of the x-ray source In accordance widi yet a more limited a^ect of the 
and detector along an arcuate path B to enable left and right 6S invention, the control unit of the virtual C-arm support 

anterior obUque image views to be collected. The bearing system is in operative command of both the first positioning 

motmt 14 enables cranial and caudal image views to be system and the second positioning system and is adapted to 
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selectively generate the first and second conimand signals to 
respectively position the x-ray source and the x-ray receptor 
at a plurality of sets of first and second positions in relative 
alignment with each other on oppoate sides of the exami- 
nation region. The control unit generates the first and second 
command signals in a manner that the x-ray source and the 
x-ray receptor arc positioned in relative alignment with each 
other on opposite sides of the examination region at each of 
the plurality of sets of first and second positions. Further, the 
first and second command signals are generated by the 
control unit to position the x-ray source so that the x-ray 
beam transmitted firom the x-ray source passes through the 
examination region. Still further, the first and second com- 
mand signals are generated by the control unit in a manner 
to control the second positioning system so that the x-ray 
detector is disposed along the path of the x-ray beam to 
intercept the x-ray beam and generate electric signals indica- 
tive of the intensity of the received x-ray beam. 

In accordance with yet a more limited aspect of the 
invention, the first positioning system is a first movable arm 
assembly having a first end held fixed relatively to the 
examination region and a free end adapted for connection to 
the x-ray source. The second positioning system is a second 
movable arm assembly having a first end held fixed at a 
second location relative to the examination region and a free 
end adapted for connection to the x-ray detector. The first 
and second movable arm assemblies are responiave to the 
first and second command signals, respectively, from the 
control unit to selectively orient the x-ray source and the 
x-ray detector relative to the examination region. 

In accordance with still yet a further aspect of the 
invention, the second positioning system is adapted to 
generate an x-ray receptor orientation feedback signal rep- 
resentative of the relative orientation between the x-ray 
detector carried on the second positioning system and the 
examination region. The control unit is in operative control 
of the first positioning system and is adapted to selectively 
generate the first command signal used by the first position- 
ing system to position the x-ray source to control the path of 
the x-ray beam u-ansmitted through the examination region 
based on the x-ray detector feedback orientation signal. The 
control unit moves the x-ray source carried on the first 
positioning system to maintain a predetermined ^atial rela- 
tionship between the x-ray source and the x-ray detector. 

The primary advantage of the present invention is 
improved patient accessibility. The x-ray source and detector 
devices are supported from points below and above the 
patient, respectively, to enable unobstructive lateral access 
to the patient. 

Another advantage of the invention is that the x-ray 
source is supported on a multi-axis rotation arm attached to 
the floor beneath the patient couch and the x-ray detector is 
supported on a second multi-axis robotic arm attached to the 
ceiling above the patient couch. This arrangement affords 
maximum access to the patient and the robotic arms make 
the overall radiographic imaging systems particularly useful 
during interventional procedures. 

Yet another advantage of the present invention is a 
radiographic imagmg apparatus that is smaller in size than 
prior imaging apparatus. 

Still other advantages and benefits of the invention will 
become apparent to those skilled in the art upon a reading 
and understanding of the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention may take physical form in certain parts and 
arrangements of parts, the preferred embodiments of which 



X),024 Bl 

4 

will be described in detail in this specification and illustrated 
in the accompanying drawings which fonn a part hereof, and 
wherein: 

FIG. 1 is diagrammatic illustration of a prior art C-arm 
^ radiographic imaging system; 

FIG. 2 is a block diagram of a virtual C-arm robotic 
positioning system formed in accordance with a first pre- 
ferred embodiment of the present invention; 

FIG. 3 is a diagrammatic illustration of the first and 
second embodiments of the invention with the robotic arms 
shown in a parked or a ready orientation; 

FIGS. 4a~4c show top, ade, and end plan views of the 
robotic x-ray source and detector positioning system accord- 
is ing to the present invention disposed in a first orientation; 

FIGS. 5a-5c show top, side, and end plan views of the 
robotic x-ray source and detector positioning system accord- 
ing to the present invention disposed in a second orientation; 

FIGS. 6a-dc show top, side, and end plan views of the 
20 robotic x-ray source and detector positioning system accord- 
ing to the present invention disposed in a third orientation; 

FIG. 7 is a side plan view of the robotic x-ray source and 
detector positioning system of the present invention oriented 
in a fourth orientation; and, 

25 

FIG. 8 is a block diagram of a virtual C-arm robotic 
positioning system formed in accordance with a second 
preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
^ PREFERRED EMBODIMENTS 

Referring now to the drawings wherein the showings are 
for the purposes of illustrating the preferred embodiments of 
the invention only and not for purposes of limiting same, 

35 FIGS. 2 and 3 ^ows a virtual C-arm support system 40 
formed in accordance with the present invention. The sup- 
port systems includes a first positioning system 42 opera- 
tively connected to an x-ray source 44 and a second posi- 
tioning system 46 operatively connected to an x-ray detector 

40 48. The first and second positioning systems are each 
adapted to selectively position the x-ray source and detector, 
respectively, in a range of positions relative to the exami- 
nation region. To that end, the first positioning system 42 
includes a first movable arm assembly 50 having a first end 

45 52 held fixed at a first location relative to an examination 
region E. A free end 54 of the first movable arm assembly 
50 is adapted for direct mechanical connection to the x-ray 
source 44. The movable arm assembly includes multiple 
rotatable, extendable, and pivotable arm segments 56 to be 

50 described in greater detail below and a closed loop servo 
positioning system 58 for controlling the movement and 
positioning of the movable arm assembly 50 in response to 
command signals 57 generated by a control unit 60. 
Similarly, in accordance with the first preferred embodi- 

55 ment of the invention, the second positioning system 46 
includes a second movable aim assembly 70 having a first 
end 72 held fixed at a second location relative to the 
examination region E and a free end 74 adapted for direct 
mechanical connection to the x-ray detector 48. The second 

60 movable arm assembly 72 includes multiple rotatable, 
extendable, and pivotable arm segments 76 to be described 
in greater detail below and a second closed loop servo 
positioning system 78 that is responsive to second command 
signals 77 generated by the control unit 60 to move the 

65 second movable arm assembly and posidon the x-ray recep- 
tor relative to the examination region E and the relative to 
the x-ray source. 
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la accordance with the first preferred embodirDent of the which is in turn coanected to a pair of extendable arm 

inveDtion, the first and second positioning systems 42, 46 members 104, 106. The outer extendable arm member 106 

operate independent of each other but under the command of is attached to a second pivot joint 108 which is in turn 

the control unit 60. The control unit is in operative command rotatably connected to an x-ray detector support connector 
of both positioning systems to maintain a predetermined 5 HO- The x-ray detector support connector is adapted for 

spatial relationship between the x-ray source and detector ^^^^ mechanical attachment to the x-ray detector 48 as 

for a range of positions of those devices relative to the shown. 

examination region. The range ofpositions include all of the ^s with the first movable arm assembly 50 discussed 

positions that were heretofore enabled by the prior carriage above, the second movable arm assembly 70 mcludes a set 
support C-arm systems described above. lO of ^^^^^ positioning motors (not shown), preferably one at 

^. , , . . . J . *t_ * 1 each movable interface, to enable the positioning of the 

Ajoysuck .fcvicc 62 b «»»mected to Ihe control unit 60. ^^^^^ ^ ^ orienUtions relative to 

Apair of joystKachandks 61, 63 enable a hmnan operator to examination region In addition, each of the rotatable, 

effect mobon and positK>nmg conmiajnds TT« joystick gen- exte W members of the second movable 

'"f i''"L'i;r'"*^l'"'''*°'^"'^l!f^f "f^'*''?*5 IS »nn assembly 70 are operatively associated with one or 

cootrolumt 60 to oneat the x-raysourceaixi detector canned " r i j • / * t, \ *i, ♦ » p 

. . . , . more feedback devices (not shown) that generate feedback 

on the movable arm assembbes mto vanous suitable post- . , /ttt^ -%\ ^iT * i «^ 

...... ... . * • J' position signals 79 (FIG. 2) used by the control umt to 

uons relatwe to the exammafon region to obuin ladto- J^^^^^ J^^^^ ^ ^ .^^^ 

graphic images of a patent. A posmon d^lay device 66 is ^ ^ „^ based on a 

connected to die control unu to generate humiu. readable jigerenw between the desired position derived from the 

mdicia reportmg the position and onentaUon of the x-ray ^ , ... i^^ j r^u 

J J . -J c * J J x-ray beam angulation signal 64 and an actual position of the 

source and detection device earned on the first and second ^ , c »u„ p^Iaw^^u ^i^^^i^ 

... x-ray source and detector derived from the feedback signals 

positionmg systems. ^ position command signals are used by the 

\^rith particular reference now to FIG. 3, the first and electric positioning motors (not shown) to operatively drive 

second movable arm assemblies 50, 70 are shown in their multiple arm segments 76 of the second movable arm 

respective parked or ready orientations relative to the patient assembly 70 so that the x-ray detector is suitably positioned 

couch 10 and examination region E. Further, the figure and properly oriented relative to the examination region and 

illustrates the multiple rotatable, extendable, and pivotable relative to the x-ray source 44, 

ami segments of each of the first and second movable arm ^^^^ schematic plan 

asscmbhcs in ^catcr detail In that regard, the first mov^le ^.^^ ^^^^^ ^-arm support system 40 in a 

arm assembly 50 mcludes a rotatable base portion 80 that operative position in accordance with the first preferred 

supports a pivot jomt 82 as shown. Apair of telescopically embodiment of the present invention. As can be seen, the 

e)dendablearmmembers84,86arecarnedonthepivo^^^^ ^^^^ ^ ^^^^ ^^^^^ 

82. T^e tipper extendable arm member 86 is connected to a .^^^ illustrated in FIG. 3 to a set of first and second 

second pivotjomt 88 that ism mm rotatably attached to an -^^^ ^22 relative to the examination region 

x-ray source support «>nnector 90. As illustrated the sup- ^^^^^ ^^^^^^^^ j^^^ ^1 ^ ^^^^ 

port connector 90 is adapted for direct mechamcal oonnec- shown 

tiontothex-raysource44.mmultipleann^^^ As noted above, an x-ray beam angulation signal is 

the first robotic arm assembly 50 are movable m directions ^^^^^ ^^^^ (HG 2) for use by the 

shown by arrows m the figure. ^ ^^^^^^j j^^.^ ^^^^^^^ 

Preferably, movement of each of the rotatable members command signaU 57, 77, respectively. The command signals 

80, 90 as well as the joint members 82, 88, and the are interpreted by the first and second servo systems 58, 78 

extendable arm members 84, 86 is motivated by one or more ^o move the x-ray source and detector pair carried on the first 

electric positioning motors (not shown) that are connected to 5^^,00^ positioning systems in place as shown in FIGS, 

their respective movable members or joints using suitable 4^ addition to tiie above, the control unit 60 is adapted 

gears, puUcys, (not shown) and the like. In addition, each of ^ generate the first and second command signals so that the 

the rotatable, pivotable, and extendable members arc opera- ^-ray source and detectors are moved into place simulta- 

tively associated with one or more feedbadc devices that neously in a coordinated fashion. More particularly, in FIGS, 

generate a set of respective feedback position signals 59 4^^^ ^-ray source 44 is moved toward the foot end of 

(FIG. 2) used by the control unit to generate position the coudi 10 ak)ng an arcuate path 124 so that tiie central ray 

command signals 57. of the x-ray beam defines an x-ray path 126 that passes 

In the first preferred embodiment, the position command through the isocenter 128 while maintaining a constant 

signals are generated by the control unit based on a differ- distance d from the isocenter. The x-ray detector is moved 

ence between the desired position derived bom the joystick into the second position 122 shown based on the second 
device 62 and an actual position derived from the feedback 55 command signals 77 from the control unit 60 along an 

signals. The position command signals are used by the arcuate path 130 so that the receptor maintains a constant 

electric positioning motors (not shown) to operatively drive distance r from the isocenter 128 while maintaining a 

the multiple arm segments 56 of the first movable arm perpendicular relationship between the flat face of the detec- 

assembly 50 so that the x-ray source and detector are tor and the central ray of the x-ray beam defining the x-ray 
siutably positioned and properly oriented relative to the 50 path 126. 

examination region. In accordance with FIG. 4a-c, therefore, movement of the 

>Vith continued reference to RG. 3, the second movable first joystick 61 along the direction shown urges die first and 

arm assembly 70 is preferably formed as a mirror image of second movable arm assemblies to move the x-ray source 

the first movable arm assembly 50. In that regard, the second and detector pair into a plurality of sets of first and second 
movable arm assembly includes a first fixed end 72 attached 65 positions relative to the examination region and patient 

to the ceiling above the x-ray transparent couch 10 as shown. support couch to enable cranial and caudal radiographic 

A rotatable base portion 100 carries a first pivot joint 102 images to be generated. Preferably, the control unit is 
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responsive to motioD of the first joystick in a manner that the The second preferred embodiment of the invention is 
x-ray source and detector arc moved untiJ the fir^ joystick shown in FIG. 8 whereat a virtual C-arm support system 40* 
is returned to its neutral or center position or, ahcmativcly, inchtdes a first positioning system 42' operatively connected 
until the source or detector reach the end of mechanical to an x-ray source 44' and a second positioning system 46' 
^avel, 5 operatively connected to an x-ray detector 48'. In the second 
Turning now to FIGS. 5a-c, the x-ray source and detector embodiment illustrated, only the first positioning system is 
pair are shown in a second set of first and second positions adapted to respond to command signals 57* firom the control 
140, 142, respectively. As shown best in FIG. 5a, the first ^jit 60'. The second positioning system 46' is merely a 
joystick 61 is deflected toward the left side of the patient mechanical support system having multiple movable mem- 
couch 10. Movement of the joystidc in t^t manner gener- i,^^ jj^^j ^ operatively associated with one or more feed- 
ales an x-ray beam angulaUonsi^al used by the control umt ^^^^ ^^^j^ ^ ^^^^^ ^^^^ jhat 
to urge the first and second positiomng systems mto moUon ^ ^ ^^^^j ^ ^^^^^ ^^^^^ 
m a manner to carry the x-ray source to the patient s nght mamj sitmals 6T or 
side on the table along a first arcuate path 144 while . * 

maintaining a constant distance d from the isocenter 128. »° second preferred embodiment of the 

Similarly, the x-ray detector is moved toward the left of the inveotioD, the joystick device 62 is not inchided. Rather, to 

patient table along a second arcuate path 150 while main- ^ the system, an interventionist merely grasps or otherwise 

taining a constant distance r from the isocenter 128 and manually moves the second positioning system 46* and x-ray 

oriented in a manner so that a face of the x-ray detector is detector carried thereon into a desired position relative to the 

perpendicular to the x-ray path 146. P^^^^^^ ^o^*^^ '^h* ^'^^ system 40- is 

Movement of the first joystick 61 along the direction '° operative to generate the necessary command s^^^ 

shown in FIGS. Sa-c enables the x-ray source and detector appropnately position and orient the x-ray soiircx 44 icla- 

to be oriented into a plurality of sets of first and second ^^'^^ ^ S^""*^^ ^^^^^ radiographic 

positions relative to the patient couch and examination usages. 

region to enable a range of left and right anterior oblique „ The first positioning system 42' includes a first movable 

radiographic images to be generated. ^nn assembly 5(r having a first end held fixed at a first 

-niming next to HGS. 6fl-<, the x-ray source and detector location relative to the examination region. Afree end of the 

pairarcshowninathirdsetoffirstandsccondpositionslTO. first movable arm assembly 50- is adapted for direct 

172 relative to the patient support couch and examination mediamcal connection to the x-ray source 44 . 

region. In those figures, the source and detector pair were 30 The movable arm assembly includes multiple rotatable, 

moved from the ready position illustrated in FIG. 3 by extendable, and pivotable arm segments that are preferably 

aquation of the first joystick 61 along the compound direc- substantially formed identically to those described above in 

tion marked in the figures with an arrow and an arrow tail. connection with the first preferred embodiment The first 

More particularly, in order to move the source and detector movable arm assembly includes a closed loop servo posi- 

into the positions illustrated, the first joystick 61 is moved at 35 tioning system 58' for controlling the movement and posi- 

an angle relative to the head and the right side of the patient tioning of the movable aim assembly 50' in response to 

support table. This generates a compound angulation of the command signals 57' generated by the control uiut 6V. 

x-ray path through the examination region. Similarly, in accordance with the second preferred 

As the first joystick is moved into the position shown, the embodiment of the invention, the second positioning system 

x-ray source 44 is moved along an arcuate path 174 toward ^ 46* includes a movable arm assembly -70' that is formed 

the left side and foot end of the patient support couch while substantially identically to the second positioning system 

maintaining the x-ray path 146 centered on the isocenter described above in connection with the first preferred 

128. The arcuate path 174 defines a constant distance d embodiment. As noted above, however, the second movable 

between the x-ray source and the isocenter As the x-ray arm assembly is merely a feedback-type system and, 

source is moved into the position shown, the x-ray detector 45 accordingly, is not responsive to command signals from the 

is simultaneously moved by the second positioning system control unit. Rather, the second positioning system generates 

along a second arcxiate path 180 while maintaining a con- x-ray detector feedback signals 79' for use by the control unit 

stant distance r from the isocenter 128 and while remaining 60^ to suitably position the x-ray source relative to the 

perpendicular to and centered on the x-ray path 146. manually positionable x-ray detector and to the examination 

Thethirdsetof first and second positions 170, 172 of the 50 region, 

x-ray source and detector are useful to generate compound In accordance with the second preferred embodiment of 

angulation radiographic images of a patient disposed on the the invention, only the first positioning system 42* operates 

patient support couch. The third set of positions enable under the command of the control unit 60. The second 

compound anterior oblique, cranial and caudal radiographic positioning system 46' is manually movable. The control 

images to be collected. 55 unit is in operative command of only the first positioning 

'niming next to FIG. 7, the apparatus of the present system to maintain a predetermined spatial relationship 

invention is shown in a mode of operation that enables between the x-ray source and the manuaUy movable detector 

variation of the source-to-image distance (SID). As diown through a range of positions of those devices relative to the 

there, a second joystick 63 is actuated vertically up or down exanaination region. 

to increase or decrease, respectively, the source-to-image 60 Further in accordance with the second preferred embodi- 

distance. More particularly, when the second joystick 63 is ment of the invention, each of the sets of first and second 

translated vertically downwardly by an operator, the x-ray positions of the x-ray source and detector pair described 

source and detector are moved relatively closer together to above in connection with FIGS. 4-7 are realizable in the 

reduce the source-to-image distance 190. Only the x-ray second embodiment by simply manually orienting the x-ray 

detector is moved toward or away from the x-ray source in 65 detector into the desired position. In the second 

order to maintain a constant distance d between the x-ray embodiment, the x-ray source is automatically moved in 

source and the x-ray beam isocenter 128. response to manual arrangement of the x-ray detector. 
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The invention has been desaribed with reference to the 
preferred embodiment Obviously, modifications and alter- 
ations will occur to others upon a reading and understanding 
of this specification. One alternative, for example is to 
modify the attachment of the fixed end 52, 72 of the aim s 
assembly to include a slidable connection to the floor and 
ceiling respectively. The conQcction could be automated or 
non-powered. That alteration could enable a larger range of 
robotic arm motion relative to the examination region. The 
present application is intended to include aU such modifi- 
cations and alterations insofar as they oomc within the scope 
of the appended claims or the equivalents thereof. 

Having thus described the invention, it is claimed: 

1. A virtual C-arm support system for use in a radio* 
graphic imaging apparatus of the type including an x-ray 
source adapted to transmit an x-ray beam along a path 
through an examination region and an x-ray detector adapted 
to receive the x-ray beam and generate electric signals 
indicative of an intensity of the received x-ray beam, the 
virtual C-arm system comprising: 

a first positioning system connected to the x-ray source 
for selectively positioning the x-ray source in a range of 
first orientations relative to the examination region; 

a second positioning system connected to the x-ray detec- 
tor for selectively positioning the x-ray detector in a 
range of second orientations relative to the examination 
region; and, 

a control unit in operative command of at least one of the 
first and second positioning systems to maintain a 
predetermined ^atial relationsb^) between the x-ray 
source and the x-ray detector for each of said ranges of 
first and second orientations relative to the examination 
region. 

2. Hie virtual C-arm support system according to claim 1 
wherein: 35 

the first positioning system is responsive to a first com- 
mand signal to move the x-ray source relative to the 
examination region based on the first command signal; 

the second positioning system is responsive to a second 
command signal to move the x-ray detector relative to 40 
the examination region based on (ho second command 
signal; and, 

the control unit is in operative command of both the first 
positioning system and the second positioning system 
and is adapted to selectively generate said first and 45 
second command signals to respectively position the 
x-ray source and the x-ray detector at a plurality of sets 
of first and second positions in relative aligmnent with 
each other on opposite sides of the examination region 
so that at each of said plurality of sets of first and 50 
second positions, the x-ray beam transmitted from the 
x-ray source passes through the examination region and 
so that at each of said plurality of sets of first and 
second positions, the x-ray detector is disposed along 
said path of the x-ray beam to intercept the x-ray beam ss 
to generate said electric signals indicative of the inten- 
sity of the received x-ray beam. 

3. The virtual C-arm support system according to claim 2 
wherein: 

the first positioning system is a first movable arm assem- 60 
bly having a first end held fixed at a first location 
relative to the examination region and a free end 
adapted for connection to the x-ray source, the first 
movable arm assembly being responsive to said first 
command signal from the control unit to selectively 65 
orient the x-ray source relative to the examination 
region; and. 
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the second positioning system is a second movable arm 
assembly having a first end held fixed at a second 
location relative to the examination region and a free 
end adapted for connection to the x-ray detector, the 
second movable arm assembly being responsive to said 
second command signal from the control unit to selec- 
tively orient the x-ray detector relative to the exami- 
nation regioiL 

4. The virtual C-arm support system according to claim 3 
wherein: 

the control unit is adapted to generate first and second 
position conmiand signals to selectively control said 
path of the x-ray beam transmitted through the exami- 
nation region; 

the first movable arm assembly includes a first multi- 
segmented robotic arm assembly having a closed loop 
servo positioning system cooperative with the first 
multi-segmented robot arm to selectively position the 
x-ray source in said plurality of first orientations rela- 
tive to the examination region in response to said first 
position command signal fi^m the control um't; and, 

the second movable arm assembly includes a second 
multi-segmented robot arm assembly having a closed 
loop servo positioning system cooperative with the 
second multi-segmented robotic arm to selectively 
position the x-ray detector in said plurality of second 
orientations relative to the examination region in 
response to said second position command signal from 
the control unit. 

5. The virtual C-arm support system according to claim 4 
wherein the control unit: 

is responsive to an x-ray beam angulation signal received 
from an operatively associated external source to con- 
trol said path of the x-ray beam by generating said first 
and second position command signals so that the path 
of the x-ray beam matches the x-ray beam angulation 
signal; and, 

is adapted to generate an x-ray beam path indicia signal 
representative of said path of the x-ray beam through 
the examination region. 

6. The virtual C-arm support system according to claim 5 
wherein: 

the control unit is responsive to an x-ray beam angulation 
signal received from an operatively associated joystidc 
operable by a human operator; 

the first end of the first multi-segmented robotic arm 
assembly is floor supported and is held fixed relative to 
a patient table adjacent the examination region; and, 

the first end of the second multi-segmented robotic arm 
assembly is ceiling supported and is held fixed relative 
to the patient table adjacent the examination region. 

7. A virtual C-arm support system for use in a radio- 
graphic imaging apparatus of the type including an x-ray 
source adapted to transmit an x-ray beam along a path 
through an examination region and an x-ray detector adapted 
to receive the x-ray beam and generate elearic signals 
indicative of an intensity of the received x-ray beam, the 
virtual C-arm system comprising: 

a first positioning system connected to the x-ray source 
for selectively positioning the x-ray source in a range of 
first orientations relative to the examination region, the 
first positioning system being responsive to a first 
command signal to move the x-ray source relative to 
the examination region based on the first command 
signal; 

a second positioning system connected to the x-ray detec- 
tor for selectively positioning the x-ray detector in a 
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range of second orientations relative to the examination 
region, the second positioning system being adapted to 
generate an x-ray detector orientation feedback signal 
representative of the relative orientation between the 
x-ray detector carried on the second positioning syston 
and said examination region; and, 
a control unit in operative command of at least one of the 
first and second positioning systems to maintain a 
predetermined spatial relationship between the x-ray 
source and the x-ray detector for each of said ranges of 
first and second orientations relative to the examination 
region, the control unit being in operative control of the 
first positioning system and adapted to selectively 
generate said first command signal used by the first 
positioning system to control the path of the x-ray beam 
transmitted through the examination region based oo 
said x-ray detector feedback orientation signal to main- 
tain said predetermined spatial relationship between the 
x-ray emitter and the x-ray detector. 

8. The virtual C-arm support system according to claim 7 
wherein: 

the first positioning system is a first movable arm assem- 
bly having a first end held fixed at a first location 
relative to the examination region and a free end 
adapted for connection to the x-ray source, the first 
movable arm assembly being responsive to said first 
command signal fi:om the control unit to selectively 
orient the x-ray source relative to the examination 
region; and, 

the second positioning system is a second movable arm 
assembly having a first end held fixed at a second 
location relative to the examination region and a free 
end adapted for connection to the x-ray detector, the 
second movable aim assembly being manually mov- 
able by a human operator to selectively orient the x-ray 
detector relative to the examination region. 

9. A positioning system for an x-ray source and an x-ray 
detector in a radiographic imaging apparatus, the positioning 
apparatus comprising: ^ 

a first robotic support member having a first fixed end and 
a free end, the first robotic support member being 
responsive to a first position command signal to move 
the free end relative to the fixed end; 

a second robotic support member having a fixed end and 
a free end, the second robotic support member being 
responsive to a second position command signal to 
move the fi^ec end relative to the fixed end; 

an x-ray source carried on the first support member and 
adapted to transmit an x-ray beam along a path through 
an examination region; 

an x-ray receptor carried on the second support member 
and adapted to receive the x-ray beam and generate 
electric signals indicative of an intensity of the received 
x-ray beam; and, 

a control um*t operatively connected to the first robotic 
support member and the second robotic support 
member, the control unit being adapted to generate said 
first and second position command signals to move the 
first support member and the second support member 
into first and second positions, re^ctively, relative to 
the examination region, with a predetermined spatial 
relationship between the x-ray source and the x-ray 
detector, to enable the radiographic imaging apparatus 
to produce a radiographic image. 

10. The positioning system according to claim 9 wherein 
the first and second robotic support members are adapted to 
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move the x-ray source and the x-ray receptor through 
respective first and second arcuate paths to respective first 
and second positions relative to the examination region to 
enable the radiographic imaging apparatus to produce said 
radiographic image. 

11. The positioning system according to claim 10 wherein 
the control unit is adapted to generate said first and second 
command signals to maintain a predetermined relative dis- 
tance between the x-ray source and the x-ray receptor. 

12. The positioning system according to claim U wherein 
the control unit is adapted to generate said first and second 
command signals in refuse to an x-ray beam angulation 
signal generated from an operatively associated external 
manual joystick device. 

13. The positioning system according to claim 12 wherein 
the control unit is adapted to move the x-ray source and the 
x-ray receptor through said respective first and second 
arcuate paths to respective first and second positions to 
enable the radiographic imaging apparatus to produce a one 

20 of a left and right anterior oblique view of a human body 
disposed in said examination region. 

14. The positioning system according to claim 12 i^rein 
the control unit is adapted to move the x-ray source and the 
x-ray receptor through said respective first and second 
arcuate paths to respective fiist and second positions to 
enable the radiographic imaging apparatus to produce a one 
of a caudal and cranial view of a human body disposed in 
said examination region. 

15. The positioning system according to claim 12 wherein 
the fixed end of the first robotic support member is carried 
on a support adapted to enable linear motion of the first 
robotic support member. 

16. A diagnostic imaging apparatus comprising: 
an x-ray source adapted to transmit an x-ray beam through 

an examination region; 
an x-ray detector adapted to receive the x-ray beam and 
generate electric signals indicative of an intensity of the 
received x-ray beam; 
a first mechanical arm assembly adapted to carry the x-ray 
detector, the first mechanical arm assembly being 
manually movable to hold the x-ray detector in a 
plurality of first positions relative to the examination 
region; 

a second mechanical arm assembly adapted to carry the 
x-ray source, the second mechanical arm assembly 
being responsive to a motion command signal to selec- 
tively position the x-ray source at a plurality of second 
locations relative to the examination region; and, 
a control unit operatively associated with the first and 
second mechanical arm assembhes and adapted to 
generate said motion command signal based on a 
location of said x-ray detector in said plurality of first 
positions to maintain a predetermined spatial relation- 
ship between the x-ray source and the x-ray detector. 

17. A diagnostic imaging apparatus comprising: 
an x-ray source adapted to transmit an x-ray beam through 

an examination region; 
an x-ray detector adapted to receive the x-ray beam and 
generate electric signals indicative of an intensity of the 
received x-ray beam; 
a first mechanical arm assembly adapted to carry the x-ray 
detector, the first mechanical arm assembly being 
manually movable lo hold the x-ray detector in a 
plurality of first positions relative to the examination 
region, the first mechanical arm assembly being 
adapted to generate a position feedback signal indica- 
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tive of a first position of the x-ray detector relative to 
the examination region; 

a second mechanical arm assembly adapted to carry the 
x-ray source, the second mechanical arm assembly 
being responsive to a motion command signal to selec- 
tively position the x-ray source at a plurality of second 
locations relative to the examination region; and, 

a control imit operatively associated with the first and 
second mechanical arm assembly and adapted to gen- 
erate said motion command signal based on a location 
of said x-ray detector in said plurality of first positions, 
the control imit being adapted to receive said position 
feedback s^al and generate said motion command 
signal to move the x-ray source to a second position 
relative to a position of the x-ray detector. 

18. The diagnostic imaging apparatus according to claim 

17 wherein the control unit is adapted to generate said 
motion command signal to maintain a predetermined spacial 
relationship between the x-ray source and the x-ray detector. 

19. The diagnostic imaging apparatus according to claim 

18 wherein the second mechanical arm assembly is adapted 
to carry the x-ray source on a first end and includes a second 
end carried on a support adapted to enable linear motion of 
the second mechanical arm assembly relative to the exami- 
nation region. 

20. In a radiographic imaging apparatus of the type 
including an x-ray source transmitting an x-ray beam along 
a path through an examination region and an x-ray detector 
receiving the x-ray beam and generating electric signals 
indicative of an intensity of the received x-ray beam, a 
method of positioning the x-ray source and the x-ray detec- 
tor relative to the examination region comprising the steps 
of: 

using a first positioning Systran operatively associated 
with the x-ray source, positioning the x-ray source in a 
range of first orientations relative to the examination 
region in respoise to a first command signal; 

using a second positioning system operatively associated 
with the x-ray detector, positioning the x-ray detector in 
a range of second orientations relative to the examina- 
tion region and generating an x-ray detector orientation 
feedback signal representative of the relative orienta- 
tion between the x-ray detector and said examination 
region; and, 

using a control imit, generating said first command signal 
used by the first positioning system to control the path 
of the x-ray beam transmitted through the examination 
region based on said x-ray detector feedback orienta- 
tion signal to maintain a predetermined ^atial relation- 
ship between the x-ray emitter and the x-ray detector 



for each of said ranges of first and second orientations 
relative to the examination region. 

21. The method according to claim 20 further comprising 
the steps of: 

manually moving the second positioning system by a 
human operator to selectively position the x-ray detec- 
tor in a range of third orientations relative to the 
examination region; and, 
using said control unit, generating said first command 
signal used by the first positioning system to control the 
path of the x-ray beam transmitted through the exami- 
nation region based on said x-ray detector feedback 
orientation signal to maintain said predetermined spa- 
tial relationship between the x-ray emitter and the x-ray 
detector for said range of third orientations of the x-ray 
detector relative to the examination region. 

22. A diagnostic imaging method comprising: 
transmitting an x-ray beam generated by an x-ray source 

through an examination region; 
receiving the x-ray beam at an x-ray detector and gener- 
ating elearic signals indicative of an intensity of the 
received x-ray beam; 
manually moving a first mechanical arm assembly carry- 
ing the x-ray detector to bold the x-ray detector in a first 
position relative to the examination region; 
generating a position feedback signal indicative of said 
first position of the x-ray detector relative to the exami- 
nation region; 

using a second medianical arm assembly carrying the 
x-ray source, selectively positioning the x-ray source at 
locations relative to the examination r^ion in response 

to a motion command signal; and, 
in a control unit operatively associated v^th the first and 
second mechanical arm assemblies, receiving said posi- 
tion feedback signal indicative of said x-ray detector in 
said first position and generating said motion command 
signal to move the x-ray source to a second position 
relative to a position of the x-ray detector. 

23. The method according to claim 22 wherein the step of 
generating said motion command signal includes generating 
said motion command signal to maintain a predetermined 
spacial relationship between the x-ray source and the x-ray 
detector. 

24. The according to claim 23 wherein the step of 
45 selectively positioning the x-ray source at locations relative 

to the examination region in response to said motion com- 
mand signal includes moving the second mechanical arm 
assembly along a linear path relative to the examination 
region. 
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